The influence of repeated high intensity electromagnetic stimulation of the brain on cortical activity, cortical blood flow, blood pressure and heart rate has been investigated in the cat, to evaluate the safety of the method. The observations have been made in preparations under propofol anaesthesia before, during and after periods of anoxia. Electromagnetic stimulation of the brain evoked activity in descending motor pathways and was recorded by activity in the median nerve and by muscle twitches. Following repeated series of high intensity stimulation there were no systematic changes in somatosensory evoked potentials or background EEG, nor were there signs of epileptogenic activity during electromagnetic stimulation, before, during or after periods of anoxia. No systematic changes in cortical blood flow, blood pressure or heart rate were observed during electromagnetic stimulation, before or after periods of anoxia. In conclusion, no acute adverse consequences following electromagnetic stimulation in the normal and anoxic cat brain were demonstrated.
Electromagnetic stimulation of the human motor cortex to evoke motor action potentials in skeletal muscle has developed into a widely used non-invasive technique for evaluating the function of descending motor pathways to the spinal cord and brain stem. ' Normal subjects and subjects suffering from selected neurological conditions, ranging in age from preterm babies to Measurements at the bench (using a 2 turn, circular search coil, 10 mm diameter) showed the magnetic field at the surface of the brain (that is, 2 cm below the level of the central plane) would be maximal along the axis through the centre of the coil perpendicular to the winding ( fig 1B) . The stimulating coil was therefore placed tangential to the vault of the skull with the geometric centre (axis) overlying the cruciate sulcus.
Using the method by Barker et al 7 the current density in the scalp is calculated as Acute effects of electromagnetic stimulation of the brain on cortical activity, cortical bloodflow, bloodpressure and heart rate in the cat: an evaluation of safety 509 201 mA.cm-2 per phase (ph) and the charge density as 2 3 pC.cm-2.ph. For the surface of the brain, taken at 2 cm below the coil (see fig 1) , the magnetic field is 1-2 Tesla (starred symbol); the current density is 4-2 mA.cm-2.ph and the charge density 0-43 C.Ccm-2 ph. Signals recorded from the median nerve were amplified by 80 dB and filtered with a -3 dB bandpass of 100 Hz to 10 kHz. The EEG was amplified by 80 dB, filtered with -3 dB points of 1 and 100 Hz and recorded continuously throughout the experiment. Sensory evoked potentials (SEP) were recorded following electrical stimulation of the ulnar nerve with pulses of 01 ms at approximately twice the threshold for evoking a short latency (spinal) reflex response in the median nerve. The inputs of the amplifier circuits recording the EEG and ENG were switched and disconnected from the preparation for between 1-3 ms following each magnetic stimulus to minimise induced electrical artefact. 18 In each experiment baseline recordings were made of EEG, CBF, blood pressure, ECG and instantaneous heart rate. Averages of 20 SEPs were computed with a sampling duration of 40 ms and at a stimulus rate of 1 per 5s. Electromagnetic stimuli at maximum intensity (see above) were then applied every 5s in runs of 10 to 50 giving totals of 120 to 500 stimuli. The runs were separated by intervals of one to 10 minutes to allow the coil to cool. ENG, EEG, CBF, blood pressure and heart rate were recorded continuously. SEPs were evoked in an interleaved manner 2-5s after each brain stimulus. To explore the effect of cerebral anoxia, the preparation was then ventilated for five minutes with 100% NO2 and thereafter returned to 30-50% oxygen. When the preparation appeared stable as judged by blood pressure and heart rate, further runs of interleaved electromagnetic brain stimulation and electrical ulnar nerve stimulation were applied. Measurements were continued for up to 75 minutes after the first period of anoxia.
The data were recorded on to paper for immediate scrutiny and on to magnetic tape for off-line analysis.
Results

Neural responses evoked by stimulation
In all five experiments electromagnetic stimulation of the brain evoked activity in the right median nerve with a latency of 12-15 ms and a variable duration at times exceeding 30 ms ( fig 2G) . The latency of the responses evoked in the median nerve did not change systematically following prolonged series of maximum intensity electromagnetic stimulation. In one experiment electromagnetic stimulation was applied before the onset of neuromuscular blockade and twitches were observed in the right forelimb muscles.
Evoked responses were recorded from the cerebral cortex with the electrode placed over the forelimb zone of the right somatosensory area (fig 2A and B) . The earliest response occurred at 10 ms (arrow in fig 2B) Influence of electromagnetic stimulation on blood pressure, cortical bloodflow, ECG, and heart rate before and after periods of anoxia In the 300 ms following each electromagnetic stimulus changes occur in the output from the laser Doppler flow meter. In fig 5A the trace was obtained from a live brain using the standard experimental recording conditions, with both the laser and its electronic flow meter circuits switched on. The recording in fig 5B was obtained with the laser and its flow meter circuits on, but from the brain 10 minutes after death. When the electromagnetic stimulus is triggered, the current passing through the coil causes the wires forming the conductor to move towards each other. Despite secure fixation of the head ofthe preparation, the stimulating coil and the fibre optic probe of the laser, it seems ECG and instantaneous heart rate recordings during electromagnetic stimulation (arrow), demonstrating afalse rise in instantaneous heart rate due to break-through in the ECG trace of the electromagnetic stimulus artefact. Note that R-R intervals are regular.
involving the cortex and somato-sensory nuclei in the brain stem or spinal cord. The calculated maximum charge density induced in the brain with each stimulus (see Methods) was comparable to that reported by Barker et al 7 in their theoretical discussion of the safety of electromagnetic stimulation of the human brain. These authors argue that the calculated maximum charge density is 100 times less than the threshold for causing neural damage with direct electrical stimulation of the brain as reported by Agnew and McCreery.26 In the EEG recordings before and after electromagnetic stimulation, a marked degree of spindle activity was observed. Spindles were commonly observed in rats anaesthetised with propofol, and their occurrence may well be a characteristic of this anaesthetic agent. 27 There was no change in the background EEG activity with repeated, maximum intensity electromagnetic stimulation of the brain. No evidence of kindling was observed even during or following anoxia, although it should be noted from studies in the rat and the cat that electrical stimuli at 3 Hz, irrespective of the number of stimuli applied, were not able to cause kindling.28 ( Measurements of blood pressure and heart rate have been taken to indicate changes in autonomic control exerted by the brain following electromagnetic stimulation. No systematic changes have been recorded, suggesting that large magnetic fields generated in the brain did not significantly perturb autonomic function.
In conclusion, our study in the cat has failed to reveal any acute adverse consequences of electromagnetic stimulation of the brain either under normal respiratory conditions, or during or following repeated anoxia.
